Background: Interleukin-6 (IL-6) is the major cytokine that induces transcriptional acute and chronic inflammation responses, and was recently incorporated as a recurrence prognostication signature for localised clear-cell renal cell carcinoma (ccRCC). As the prognostic efficacy of initial risk factors may ebb during long-term practice, we aim to report conditional cancer-specific survival (CCSS) of RCC patients and evaluate the impact of IL-6 as well as its receptor (IL-6R) to offer more relevant prognostic information accounting for elapsing time.
may ebb during long-term practice because the emerging environmental risk factors and the following physical conditions after treatment may extensively affect the outcomes, and patients may be more interested in whether having outlived a period time when given an agent would benefit survival in the future. Therefore, the ability to adjust estimations on the basis of survival since treatment initiation or therapy duration would be clinically meaningful. Conditional survival, which is defined as the probability of surviving an additional time given a condition that the patients has already survived a specific time, can just provide this practical information over time.
Currently, several novel models have integrated molecular markers and aim to predict individual outcome, which differed with regard to the number and type of covariates, tool properties and end points (Leibovich et al, 2003; Brookman-May et al, 2013; Heng et al, 2013) . As a well-known inflammatory cytokine, interleukin-6 (IL-6) has been implicated in a wide variety of human biological functions such as final steps of B-cells differentiation, haematopoiesis and platelet production, as well as acute and chronic inflammation-associated diseases including rheumatoid arthritis and cancers. Interleukin-6 was recently found to be secreted by RCC tumour cells and acts as an autocrine tumour growth factor to induce transcriptional inflammatory response and promote tumour progression through JAK-STAT pathway (Wolf et al, 2014) . In fact, RCC is one of the typical diseases that act through extensive local infiltration of inflammatory cells. In a large prospective multicenter study, Negrier et al (2004) have reported that circulating IL-6 level is an important independent prognostic factor in metastatic RCC patients and could be helpful in personalised treatment. Our previous work also revealed that IL-11 receptor (which share high homology with IL-6R) predicted poor outcome of early-stage RCC (Pan et al, 2015) . More recently, in the Lancet Oncology, Rini et al (2015) described the identification and validation of a 16-gene signature that showed improved recurrence prognostication in localised ccRCC patients when compared with Leibovich score. Among those 16 genes, only IL-6 was associated with the inflammation pathway; this highlighted the representative prognostic role of IL-6 in RCC (Rini et al, 2015) .
The aim of our present study is to assess the intratumoral presence of IL-6/IL-6R expression in ccRCC patients and to determine their prognostic values through conditional survival analyses, which has been previously conducted in RCC, as well as to appreciate their potential clinical interests (Harshman et al, 2012) .
MATERIALS AND METHODS
Patient population. The study database included 282 patients with RCC from Zhongshan Hospital, Fudan University, Shanghai, China. The primary inclusion criterion was pathologically proven RCC patients receiving surgery from 2001 to 2004. Thus, 465 eligible formalin-fixed paraffin-embedded (FFPE) specimens were obtained between 10 January 2001 and 30 December 2004, and 183 patients were excluded according to preset exclusion criteria (Supplementary Table S1 ). All valid patients received nephrectomy after diagnoses and none received radiotherapy or chemotherapy before surgery. To ensure consistent data collection, baseline demographic, clinical and laboratory data were collected simultaneously, MRI and CT scans were reassessed in radiology units and all archived diagnostic H&E slides were pathologically central reviewed by a pathologist (L Chen) independently. This study was approved by the institutional ethical review boards of the hospital and all patients stated informed consent along with phone call follow-up.
The primary outcome of interest was 5-year conditional cancerspecific survival (5-year CCSS). Cancer-specific survival (CSS) was defined as the time from surgery to death attributable to cancer according to clinicians and archived files; occurrences were censored if death was a result of something other than renal cancer or if the patient was alive at the end of follow-up. 5-Year conditional survival represents the probability that a patient with cancer will survive additional 5 years, given that the patient has already survived x years (0-5 years in this report). For example, to compute the 5-year CCSS for patients who have survived x years, calculate (x þ 5)-year cumulative CSS, which was limited to the patients who were still alive at the beginning of x years (Zamboni et al, 2010) .
Data collection. Follow-up data for all patients were obtained from the most recent medical review. All patients were examined routinely every 5-6 months during the first 5 years of follow-up and annually thereafter. The follow-up period ended in November 2014.
Survival and primary cancer data for all valid patients were included in our analyses. A standardised data form was created to retrieve all relevant information on sociodemographic data (age at surgery, gender), pathologic data (pathologic tumour, node, and metastasis status, tumour location), treatment-related data (type of resection or chemotherapy) and clinical data (presence of any malaises or symptoms). Histological subtypes were restratified according to 2014 EAU guidelines (Ljungberg et al, 2015) . Tumour size was defined as the greatest tumour diameter based on pathological specimen. Tumour node metastasis staging was reclassified according to the 2010 AJCC TNM classification (Kim et al, 2011) . Fuhrman grade, microvascular invasion (MVI), coagulative necrosis, sarcomatoid features and rhabdoid differentiation were reported according to the 2012 ISUP consensus (Delahunt et al, 2013) . Symptomatic presentation and Eastern Cooperative Oncology Group performance status (ECOG-PS) were preoperatively recorded and rearchived as described previously (Karakiewicz et al, 2007) . UCLA Integrated Staging System and SSIGN scores were applied to all valid patients according to the original scoring algorithm, respectively.
Statistical analysis.
Associations between categorical and continuous clinicopathologic parameters vs IL-6/IL-6R expression groups were evaluated using the Fisher's exact test and Wilcoxon's rank-sum test, respectively. CSS was assessed and graphically illustrated using Kaplan-Meier or life-table method, and log-rank test was used for comparing different scoring categories. Independent associations between CSS and assessed clinicopathologic predictors were evaluated using multivariate Cox proportional hazards regression models, embodied by hazard ratios (HRs) and 95% confidence intervals (95% CIs) for each level of categories. The concordance index (C index) was used to assess the predictive accuracy of different models, 0.5 is equivalent to toss of a coin and 1.0 represents ideal prediction (Harrell et al, 1996) . The comparison between different C index was performed by Hanley-McNeil test (Hanley and McNeil, 1983) . To reduce overfit bias and internally validate the predictive accuracy estimates, multivariable models and C index calculations were subjected to 1000 bootstrap resamples.
Statistical analyses were performed with SPSS, version 21.0 (IBM, Armonk, NY, USA), Stata SE, version 12.1 (Stata, College Station, TX, USA) and R software packages, version 3.1.2 (The R Foundation for Statistical Computing; http://www.r-project.org/). A two-sided P-value o0.05 was considered to be statistically significant for all reports.
Procedures. Primary FFPE RCC samples were obtained from the Department of Urology, Zhongshan Hospital of Fudan University with patients' consent and approval of the institutional review board of Fudan University. Microarray development and immunohistochemistry were performed according to the methods previously used (Xu et al, 2014) , with appropriate antibodies after control staining (anti-IL-6 antibody, ab6672 (Abcam), diluted 1/100; anti-IL-6R antibody, ab128008 (Abcam), diluted 1/400). Immunohistochemistry sections and corresponding H&E sections were scanned by a fully Fisher's exact test to assess the correlation between variables and IL-6/IL-6R.
automated microscopy system (Leica DM6000 B; Leica Microsystems GmbH, Mannheim, Germany), images were captured by Leica CV-M2CL camera and analysed by Leica Ariol 4.0 software (Leica Microsystems GmbH, Mannheim, Germany) automatically. For each sample, a total area of 4 mm 2 was analysed (4 circulars from separate places of samples, each has 1 mm 2 area). Cases were considered positive for expression when 410% of tumour cells showed diffuse immunoreactivity.
RESULTS
Study population. The flow of patients through the study is shown in Supplementary Table S1. After applying initial exclusion criteria, 282 of 465 recruited patients were included in the analyses. No statistically significant differences in patient or tumour characteristics or survival outcomes were observed for patients with included vs excluded data (Supplementary Table S2 and Supplementary Figure S1 , online only).
The valid population included 198 males and 84 females, with a median age at surgery of 56 years (IQR, (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) (60) (61) (62) (63) (64) (65) (66) (67) . Median follow-up of the survivors was 111 months (IQR 90-117, range 24-120, n ¼ 282). The morphological characteristics of patients are listed in Supplementary Table S5 . One hundred and eighty-eight of 282 (66.7%) patients were ccRCC accompanied with a poor 10-year CSS of 63.9%; the number of these ccRCC specimens with positive IL-6 and IL-6R staining were 75 (39.9%) and 105 (55.9%), respectively.
Correlation analyses between prognostic variables, markers and outcome. We compared CSS between different IL-6/IL-6R Table 2 . 5-year CCSS and in relationship to IL-6 and IL-6R Survival gain (%)
Age at surgery (years) As compared with baseline.
b
As compared with previous time point.
expression subgroups following detailed histological subtypes. The results (Table 1) showed that IL-6 ( þ ) ccRCC patients had significantly poorer survival than IL-6 ( À ) ccRCC patients (P ¼ 0.002), and IL-6R revealed the same patterns (P ¼ 0.038). In view of the apparently different prognosis and treatment between localised and metastatic ccRCC, we analysed the relationships between IL-6/IL-6R and potential prognostic variables in localised patients (Table 1 , lower panel) and metastatic patients (data not shown because of the limited cases, n ¼ 8). However, no correlation was noted here. The impact of various prognostic factors on CCSS was assessed, and pathologic features including tumour size, pT, Fuhrman grade, symptomatic presentation, sarcomatoid features, rhabdoid differentiation and IL-6 expression were initially predictive for CCSS and progressively decreased over time (Supplementary Table S3 ). pT was the most significant predictor throughout this period. Consistent with the previous findings, IL-6R showed prognostic power only in organ-confined (OC) subgroups after stratification using pT (decreased over time and not significant after year 3), and IL-6 expression remained significant in OC subgroups (Table 2 ).
To illustrate CSS estimates, 10-year Kaplan-Meier curves are shown in Figure 1 . It shows that IL-6 ( À ) significantly benefited patients' CSS in OC population (P ¼ 0.006), but it was not the same case in locally advanced (LA) population (P ¼ 0.894) ( Figure 1A and B). Furthermore, the strategy of combining IL-6 and IL-6R indicated that IL-6 ( þ )/IL-6R ( þ ) patients experienced the shortest CSS (median ¼ 78 month) compared with any other groups (IL-6 ( þ )/IL-6R ( À ), IL-6 ( À )/IL-6R ( þ ), IL-6 ( À )/IL-6R ( À ), median not reached) ( Figure 1C) . Interestingly, the OC patients with IL-6/IL-6R both positive shared the same CSS with LA patients (P40.999) ( Figure 1D ).
Multivariate analysis. The changing impact of independent parameters on CSS over time was assessed upon multivariable Cox regression analysis. In the crude full model, pT3-4 disease, high Fuhrman grade, MVI present, sarcomatoid features present, IL-6 ( þ ), and IL-6R ( þ ) were significantly associated with poorer survival at baseline; the effect of pathologic features on CSS decreased over time as illustrated by the decrease in HRs (Supplementary Table S4 ). We involved these factors in a reduced model adjusted by age and gender to control for their influence as Hazard ratio (95% Cl)
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IL-6(-)+IL-6R(+) covariates; IL-6 and IL-6R were still significant multivariate determinants of 5-year survival expectancy at surgery; the HR of IL-6R decreased from 2.69 to 2.02 and it fell out of the predictive factor list at year 3 (Table 3) .
IL-6(-)+IL-6R(-) IL-6(+)+IL-6R(-) IL-6(+)+IL-6R(+) IL-6(-)+IL-6R(+)
Comparison of SSIGN, UISS and the new recombination risk. Based on the above-mentioned findings, we considered IL-6, IL-6R and pT as synergetic predictors and incorporated them into a new recombination risk (termed 'pT-IL-6-IL-6R risk'; low risk: OC patients with IL-6/IL-6R either negative; high risk: OC patients with IL-6/IL-6R both positive, and LA patients) (Table 4) .
When stratified by UISS, SSIGN and pT-IL-6-IL-6R risk, the discriminations of 5-year CCSS were statistically significant at all time points (Po0.001 for all comparisons except that at year 5 of pT-IL-6-IL-6R risk), the relative risks for each model levels are shown in Figure 2A -D.
The predictive power for each models at any time point was assessed by C-index and further stratified by OC or LA population (Figure 2E and F and Supplementary Figure S2 , online only). In the primary cohort, C-index of SSIGN or pT-IL-6-IL-6R risk were both higher compared with UISS and the gaps narrowed as time elapsed; no statistical difference was observed between pT-IL-6-IL-6R Abbreviations: CCSS ¼ conditional cancer-specific survival; CI ¼ confidence interval; HR ¼ hazard ratio; IL ¼ interleukin; IL-6R ¼ interleukin-6 receptor; MVI ¼ microvascular invasion. The reduced multivariable models were calculated on the basis of the adjusted survival function for age and gender by each elapsed time point, and were restricted in the variables that considered significant in the full model to be controlled for covariate influence. Bootstrapping with 1000 resamples of the same size of each time point was used.
a Bootstrapped bias of HR is enclosed within parentheses after raw HR value, and bootstrapped P-value for each variable at moment is enclosed within parentheses after raw P-value. Bootstrapped CIs are not shown here. pT-IL-6-IL-6R risk and the over-time discrimination of predictive power between these models (SSING, UISS and pT-IL-6-IL-6R risk) in (E) all population and (F) OC population. Harrell's concordance index (Harrell's C) and 95% CI obtained from 1000 bootstrap resamples was used to present the model's predictive accuracy. *The latter is the referential category.
w P-values were obtained from pooled log-rank tests over strata for 5-year CCSS at each time point. risk and SSIGN. In OC cohort, C-index of pT-IL-6-IL-6R risk was significantly higher compared with UISS or SSIGN at the beginning (0.724 vs 0.669 or 0.642, respectively), and reached a low of 0.596 by year 5 (lower than SSIGN, C ¼ 0.645, and UISS, C ¼ 0.677).
DISCUSSION
Interleukin-6 is a multifunctional cytokine with well-defined proand anti-inflammatory properties. It induces intracellular JAK/STAT or MAPK signalling pathways after binding to its receptor (IL-6R). Although the serum level of IL-6 in healthy humans is extremely low, it is highly and transiently upregulated in nearly all inflammationassociated pathophysiological states, including cancers. Alberti et al (2004) reported that IL-6 is produced at high levels by RCC cell lines and could activate the autocrine proliferation (Alberti et al, 2004) . As IL-6/IL-6R signalling may be involved in the RCC progression, it was speculated that IL-6 and IL-6R could provide some prognostic information for clinical practice. Previous works have indicated the soluble IL-6 concentration before nephrectomy was a prognostic marker for CSS in localised RCC (Hrab et al, 2013) . However, it should be more useful to assess the intratumoral expression of IL-6 for local tumour prognostication (e.g., detect IL-6 level in resected frozen tumour tissues), as IL-6 is secreted and signalled in an autocrine loop in RCC, and intratumoral IL-6 level should be significantly higher compared with that in plasma, where it preferentially represents the degree of systematic inflammation, but not local tumour progress.
In this study, we analysed the potential prognostic value of IL-6 and IL-6R in relation to 5-year CCSS, which is developed based on time-dependent covariate models. Conditional survival estimates may be more intriguing in clinical practice, especially in posttreatment prognostication, because the anatomical, histological and clinical characteristics acquired at diagnosis are generally a snapshot estimate of survival at the instant, and these factors may become less relevant with patient's survivorship as time goes on.
Our results show that, for patients with OC ccRCC who underwent nephrectomy, concurrence of IL-6-and IL-6R-positive expression in tumour tissue is an unfavorable prognostic factor in the early years. Organ-confined ccRCC patients who positively expressed both IL-6 and IL-6R had 52% probability of surviving an additional 5 years after living 2 years since surgery. This projection was similar with LA patients who had an average of 48% probability (Table 4) . Interestingly, the discrimination of CCSS between pT-IL-6-IL-6R high-and low-risk subgroups appeared to fade as the time elapses from year 2, which may be caused by diminishing prognostic capability of IL-6R synchronously. Considering the unique in-series interaction between IL-6 and IL-6R ( Figure 1C ) and their self-evident affinity among transmembrane signalling, we audaciously speculated that the level of IL-6, rather than IL-6R, might decrease markedly since initial surgery. This is actually consistent with the fluctuating machinery of dynamic IL-6 behaviour in cancer-related chronic inflammation (Wolf et al, 2014) .
Currently, nephrectomy remains the mainstay of localised RCC treatment, and some molecular biomarkers have been universally used in the management of RCC and had important roles in treatments. A precedent here is the application of IFN-a and IL-2 coupled with first-line targeted agents in novel immunotherapy for selected patients (Ljungberg et al, 2015) . As some researches have revealed, IL-6 has an important role in inflammatory cancer, and that these pathophysiological situations and events also affect the regulation of IL-6, IL-6 and IL-6R, which could serve as assistant prognostic markers for stratifying ccRCC patients with a high tumour burden to aid their personalised counselling and close follow-up, similar to the pT-IL-6-IL-6R risk model that we showed in the study, which could implement performance gains over some established prognostic models such as UISS and SSIGN in OC ccRCC. Meanwhile, IL-6/IL-6R serve as important upstream signal controllers of RCC proliferation or metastasis, as well as major communicators between tumours and immune microenvironments; they may be potential therapeutic targets for those high IL-6 level ccRCC patients once we develop a great understanding of their in vivo behaviours. As far as we known, the clinical phase II trials of siltuximab (an anti-IL-6 antibody) against tumourpromoting chronic inflammations are in progress, and tocilizumab (a humanised anti-IL-6R antibody) are also available in clinical practice (Nishimoto et al, 2009) .
At least six different studies have shown that serum IL-6 levels are highly correlated with survival of RCC patients. However, two studies mainly focused on metastatic RCC (Blay et al, 1992; Ljungberg et al, 1997) , another two had small sample size (no30) (Stadler et al, 1992; Yoshida et al, 2002) and one failed to assess the independent impact of IL-6 in multivariate analyses (Hrab et al, 2013) . The final one revealed the correlation between outcome and in situ IL-6R presence with limited patients (n ¼ 38) (Costes et al, 1997) . All these detect IL-6 concentration in body fluids and none of them distinguish RCC pathologic variants meticulously. In fact, plasmic IL-6 is extremely sensitive but lack specificity to a particular disease (Wolf et al, 2014) .
Our study is the first to assess intratumoral expression of IL-6 and IL-6R for localised ccRCC patients, and compare their prognostic power with established prognostic models of RCC. The application of conditional survival analysis also offers more deep-going investigations. However, our results were verified using an internal validation test (i.e., the bootstrap method), whereas a robust external cohort may be comparatively superior. Furthermore, it is difficult to identify the underlying mechanisms through which IL-6/IL-6R signalling regulate the carcinogenesis, progression and metastasis of ccRCC. An immunosuppressive effect on dendritic cells, a proinflammatory role through trans-signalling pathway, a growth factor effect and an epithelial-mesenchymal transition promoter role could all contribute to these observations; there are many works to accomplish before fully understanding the roles of IL-6 in RCC (Cabillic et al, 2006; Jones et al, 2011; Wolf et al, 2014; Zhang et al, 2015) .
